
Letters to the Editor
Administration of influenza vaccines to pa-
tients with egg allergy: Update for the 2010-
2011 season

To the Editor:
The practice parameter on adverse reactions to vaccines

published in 2009 stated, ‘‘For influenza vaccine in egg-allergic
patients, if the egg protein content of the vaccine is known to be
<1.2 mcg/mL, administer 10% of the dose, followed in 30
minutes by the remaining 90%, or as a single dose.’’1 In a recent
editorial this author argued strongly for the administration of in-
fluenza vaccines to patients with egg allergy because the risk of
not vaccinating far outweighs the risk of vaccinating.2 None of
the brands of influenza vaccine for the 2009-2010 season were
shown to contain ovalbumin in excess of that found to be safe
for administration to patients with egg allergy.3,4 Although in
theory it seems prudent to choose a brand with a lower amount
of egg protein to reduce the chances of a reaction,2 several recent
publications have appeared that present additional considerations
when choosing a particular influenza vaccine for a patient with
egg allergy.
Afluria (CSL Limited, Parkville, Victoria, Australia), which

has a low ovalbumin content (<_1 mg/0.5-mL dose), was initially
approved for persons aged 6months and older5; however, because
of an increased risk of febrile seizures, the vaccine is now recom-
mended only for those aged 9 years and older.6

Fluarix (GlaxoSmithKline, Research Triangle Park, NC) and
Fluvirin (Novartis, Cambridge, Mass) have low ovalbumin
content (<_0.05 mg/0.5-mL dose and <_1 mg/0.5-mL dose, respec-
tively), but the 2010-2011 package inserts and recently published
studies indicate that the vaccines showed decreased immune
responses compared with other influenza vaccines in children less
than 3 and 4 years of age, respectively.7-9 The other 2 influenza
vaccines by these same manufacturers, FluLaval (GlaxoSmith-
Kline) and Agriflu (Novartis), also have low ovalbumin content
(<_1 mg/0.5-mL dose and <0.4 mg/0.5-mL dose, respectively)
but have not been studied in patients less than 18 years of
age.10,11

An influenza vaccine with one of the lowest absolute amounts
of ovalbumin per dose is the live attenuated influenza vaccine
FluMist (MedImmune, Gaithersburg,Md). The package insert for
this vaccine12 does not state the ovalbumin content, but the man-
ufacturer indicates that the ovalbumin content is less than 0.24mg/
0.2-mL dose (personal communication, August 10). However,
there are no data on its administration to patients with egg allergy
nor any data on exposure to egg proteins through the respiratory
route. It cannot be administered to patients with asthma (which of-
ten coexists with egg allergy) because of an increased risk of asth-
matic events when the vaccine was administered in safety
studies.12 It has also been associated with an increased rate of hos-
pitalization in children younger than 24months, and effectiveness
has not been proved in patients older than 49 years.12

The vaccines with the highest amount of ovalbumin are
Fluzone and Fluzone High-Dose (Sanofi Pasteur, Swiftwater,
Pa).2-4 The combined package insert for these vaccines13 does not
state the ovalbumin contents, but the manufacturer indicates that
the ovalbumin content is less than 5 mg/0.5-mL dose for Fluzone
and, because of differences in the manufacturing process, less
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than 1.6 mg/0.5-mL dose for Fluzone High-Dose (personal com-
munication, October 2010).
When these vaccines have been assayed in independent

research laboratories, although the ovalbumin content in Fluzone
is higher than that in the other brands, all are typically 10-fold or
more less than the manufacturer’s stated maximum levels.3,4

For patients with egg allergy older than 3 years, the choice of
Fluarix seems most appropriate because it has been approved for
this age group and has a low ovalbumin content. For those older
than 4 years, Fluvirin would be an additional choice for the same
reasons. After age 9 years, a third choicewould beAfluria because
it also has low ovalbumin content, and this is beyond the agewhen
febrile seizures have been an issue. After 18 years of age,
FluLaval and Agriflu would be 2 additional choices, again
because of low ovalbumin content.
For children with egg allergy between 6 and 23 months of age,

the choice of influenza vaccine is more difficult. The only
influenza vaccine approved in this age group is Fluzone, the
vaccinewith the highest ovalbumin content. For children with egg
allergy between 24 and 35months of agewho do not have asthma,
another possible choice is FluMist. It has low ovalbumin content,
but exposure through the respiratory route has not been studied.
All of these are relative considerations; some vaccines are less

immunogenic but still generate adequate immune responses in the
majority of recipients, and the vaccines associated with higher
rates of febrile seizures or hospitalization do not lead to these
outcomes in the vast majority of recipients. Nonetheless, it seems
prudent to avoid vaccines with these possible shortcomings.
However, this means choosing a vaccine that might bemore likely
to cause an allergic reaction in a child with egg allergy. However,
the amount of egg protein, even in the vaccine with the highest
ovalbumin content (Fluzone), is very unlikely to lead to an
adverse outcome because the actual amount of ovalbumin in the
vaccine in recent years is less than that administered uneventfully,
even to patients with severe egg allergy.14 Similarly, although
there are no data on use of the intranasal route of influenza vaccine
administration in children with egg allergy, this vaccine (FluMist)
has low ovalbumin content and again is very unlikely to lead to an
allergic reaction.
Any risk associated with administering egg-containing vac-

cines to patients with egg allergy can bemitigated by doing so in a
setting in which anaphylaxis can be recognized and treated,
should it occur, with an observation period of at least 30 minutes
after vaccine administration. Other measures to try to mitigate
this risk have included skin testing with the vaccine or giving it in
divided doses. In the study by James et al14 demonstrating that
even patients with severe egg allergy could safely receive an influ-
enza vaccine containing up to 1.2 mg/mL ovalbumin (<_0.6 mg/
0.5-mL dose), vaccine skin test results were positive in only a
few patients, and the vaccine was administered uneventfully
even to those with positive vaccine skin test results. Another re-
cent study by Chung et al15 found that the percentage of children
with egg allergy who tolerated the influenza vaccinewas the same
whether vaccine skin tests were (94.6%) or were not (96.5%) per-
formed before vaccination and concluded that vaccine skin testing
in this setting was unnecessary. The study excluded patients with
histories of recent egg-induced anaphylaxis, and the ovalbumin
contents of the vaccines used were not measured. Similarly, it is



TABLE I. Choice of influenza vaccine for patients with egg allergy, 2010-2011 season
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not clear that dividing the dose is necessary. In the James et al14

study, only 3 of 83 patients with egg allergy had a systemic reac-
tion to 10% of the dose (1 with wheezing and 2 with hives), and
they uneventfully received the remaining 90% thirty minutes later
nonetheless. In the Chung et al15 study 6 of 171 patients with egg
allergy had some reaction to 10% of the dose (wheezing, eczema
exacerbation, or hives), and the remaining 90%was withheld. In a
more recent study by Gagnon et al,16 investigators administered
influenza vaccine containing 0.008 mg of ovalbumin per 0.5-mL
dose to 830 patients with confirmed egg allergy, and more than
3,600 with reported egg allergy without vaccine skin testing, di-
viding the dose (10%/90%) only in those with a history of respi-
ratory or cardiovascular reactions after egg ingestion, and had no
cases of anaphylaxis. Although not studied directly, both James
et al14 and Gagnon et al16 noted that because all patients went
on to receive the 90% dose without serious reactions, those who
received the vaccine in divided doses would likely have tolerated
the full dose as a single injection.14,16

Studies administering Fluzone (highest ovalbumin content)
and FluMist (low ovalbumin content but nasal route) to patients
with egg allergy without prior vaccine skin testing and without
dividing the dose are being conducted to evaluate the safety of this
approach. Until results of these studies are available, practitioners
will need to weigh the risks and benefits of various vaccines and,
in discussion with patients and families, decide which vaccine to
administer on an individual basis. Another possible choice is not
vaccinating at all, but the risk of disease in unvaccinated persons
would seem to far outweigh any risk of vaccination.2Many clinics
and hospitals purchase influenza vaccine from only 1 or a limited
number of manufacturers, which might further limit the choices
of vaccine available.
The influenza vaccines available for the 2010-2011 influenza

season in the United States are listed in Table I, along with the
ovalbumin content and considerations for each vaccine in each
age group regarding effectiveness and side effects. It would
seem reasonable to first choose a vaccine that is approved for a
given age group and then choose one (among those approved
for a given age group) with low ovalbumin content, if available.
As above, skin testing with the vaccine is not necessary. If a
low-ovalbumin vaccine is not available or in patients with a his-
tory of particularly severe reactions to egg ingestion, some might
choose to administer the vaccine in divided (10%/90%) doses. It
should also be noted that an even more conservative approach, in-
cluding vaccine skin testing and administration by means of a
multidose protocol is appropriate for those rare patients with a
history of an allergic reaction to influenza vaccine administration
itself, as opposed to the muchmore common patients addressed in
this update with a history of an allergic reaction to egg ingestion
but no history of reaction to influenza vaccine administration.
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TABLE I. Eosinophil counts and IgE levels

Age Absolute eosinophil count (cells/mL) IgE (U/mL)

10 mo 1,020 ND

2 y 7 mo 49,700 ND

3 y 8 mo 22,390 ND

4 y 21,710 930

6 y 8 mo 22,450 1,340

7 y 1 mo 13,340 574

7 y 10 mo 20,730 1,287

ND, Not determined.
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Successful engraftment of donor marrow after
allogeneic hematopoietic cell transplantation
in autosomal-recessive hyper-IgE syndrome
caused by dedicator of cytokinesis 8 deficiency

To the Editor:
The hyper-IgE syndromes are rare combined immune

deficiencies associated with marked elevations in plasma IgE
levels and eosinophilia. An autosomal-dominant form of hyper-
IgE syndrome caused by mutations in signal transducer and
activator of transcription 3 is characterized by elevated IgE,
eosinophilia, eczema, recurrent skin and pulmonary infections,
and skeletal abnormalities.1 Recently, an autosomal recessive
form of hyper-IgE syndrome caused bymutations in the dedicator
of cytokinesis 8 (DOCK8) gene has been identified and is charac-
terized by elevated IgE levels, eosinophilia, atopic dermatitis,
asthma, food allergies, recurrent upper and lower respiratory tract
infections, and unusual susceptibility to infections with herpesvi-
rus family members (herpes simplex virus, human papilloma
virus) and molluscum contagiosum.2,3 Cutaneous infections
with human papilloma virus have progressed to squamous cell
carcinomas in some cases. Immunologic evaluation of DOCK8-
deficient patients has revealed T-cell lymphopenia with impaired
proliferative responses of both CD41 and CD81 T cells as well as
impaired differentiation of TH17 T cells.2-4

We report a case of an 8-year-old girl, born to first-degree
cousins, who initially presented with pneumococcal meningitis at
11 months of age, complicated by chorda tendineae rupture and
flail mitral valve. Isolated asplenia was noted during imaging.
She later began to have recurrent episodes of upper and lower
respiratory tract infections, pneumococcal bacteremia, giardiasis,
and cutaneous infections with herpes simplex virus and
Staphylococcus aureus. She also developed flat warts thought
to be a result of human papilloma virus infection. Complete
blood count revealed hypereosinophilia that ranged from
11,020 to 49,700 cells/mL (Table I) for which she was treated
with corticosteroids because of concerns of possible cardiac in-
volvement. Bone marrow examination ruled out a leukemic
process. The patient developed moderate persistent asthma and
mild eczema. She had multiple food allergies, elevated total
IgE (Table I), and positive specific IgE to milk, egg, fish, peanuts,
and tree nuts. The patient had received immunization with teta-
nus toxoid and 23-valent pneumococcal polysaccharide vaccine
(Pneumovax, Merck, Whitehouse Station, NJ) and had protective
antibody titers to tetanus toxoid and to 6 of 14 pneumococcal se-
rotypes tested. However, titers waned by age 5 years 6 months,
and she failed to respond to Pneumovax booster given at age 6
years (see this article’s Table E1 in the Online Repository at
www.jacionline.org). Her T-cell numbers decreased over time,
whereas her B-cell numbers were elevated (see this article’s
Table E2 in the Online Repository at www.jacionline.org).
T-cell proliferation to mitogens and antigens was mildly dimin-
ished (see this article’s Table E3 in the Online Repository at
www.jacionline.org). Serum IgG levels fell over time, and the
patient was started on intravenous immunoglobulin replacement
therapy at age 7 years. Her clinical presentation prompted an
evaluation for DOCK8 deficiency. Western blot of lysates from
PBMCs and an EBV-immortalized B-cell line revealed absence
of DOCK8 protein (Fig 1, A). PCR amplifying genomic DNA re-
vealed a deletion of exons 28 to 35 of theDOCK8 gene (Fig 1, B).

Although experience with DOCK8 deficiency is limited, its
long-term prognosis is poor. Many DOCK8-deficient patients
have disfiguring molluscum or human papilloma virus infections
or die from fatal infections, squamous cell cancers, or
lymphoma.2 Therefore, the decision was made to perform alloge-
neic hematopoietic cell transplantation (HCT) for definitive
correction of her combined immune deficiency. The patient was
conditioned with 16 doses of busulfan intravenously adjusted to
achieve levels of 800 to 1200 mmol/min on days –9 to –6 and 4
doses of cyclophosphamide 50 mg/kg intravenously on days –4
to –1 without incident. She received unmanipulated bone marrow
containing 10 3 106/kg CD341 cells from her fully matched
unaffected younger brother. Cyclosporine A and short-course
methotrexate were given for graft-versus-host disease
prophylaxis, and she received standard antiviral and antifungal
prophylaxis. Neutrophil engraftment occurred on day 116 fol-
lowed by a rapid rise in lymphocyte count to 4490 cells/mL on
day 121. She was febrile and tachypneic with evidence of
pulmonary edema with no organisms recovered from nasal se-
cretions or sputum. Cell type–specific chimerism studies on
day 121 post-HCT revealed that 100% of CD31 cells (3536
cells/mL) and 100% of CD151 cells (6210 cells/mL) were of
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